Introduction
Much attention has been paid to organic materials along with the development of new organic thin film devices. Tris(8-quinolinato)aluminum(III) (Alq3) is one of the most important organic materials used as an electron transport layer material in organic electroluminescent (EL) devices. Recently, it has been reported that a large surface potential up to 28 V is established in as-deposited Alq3 film with a thickness of 560 nm, and it decays rapidly by exposure of light [1] . The built-up of such large potential across Alq3 films has been argued mainly due to the alignment of dipoles [1, 2] . However as to the potential decay process of the initial polarization of Alq3 films, there are still controversial arguments. Among them are mechanisms based on the photo-induced randomization of the alignment of Alq3 molecules [2, 3] , the cancellation of the potential by either photo-excited carriers in bulk [3] or injected carrier from electrodes, and so on. In our previous study, using the surface potential measurement, we investigated the potential decay of Alq3 films deposited on gold (Au) and aluminum (Al) electrodes, and showed that electron injection from Al electrode made a significant contribution to the potential decay of Alq3 on Al electrode by heating, whereas the dipole disordering of Alq3 films on Al and Au electrodes was a main origin of the potential decay by photo exposure [2] . However, it was still not clear whether electron injection triggers the randomization of polar structures or not, etc. In the present study, to further clarify the potential decay process of Alq3 films on Al electrodes, surface potential and optical second harmonic generation (SHG) measurements were employed.
Samples and Experiments
Alq3 molecules were purchased from Tokyo kasei kogyo Co.Ltd. and used as supplied without further purification. They were evaporated onto Al electrodes with or without UV/ozone treatment at a deposition rate of 0.5-1.5 Ǻ/s at a vacuum pressure of 2 torr in dark condition. The work functions of Al electrode with and without UV/ozone treatment were estimated as 3.9 eV and 3.4 eV, respectively, by the photoelectron spectroscopy in air (AC-1: Riken keiki Co.Ltd.). From the elemental analysis of X-ray, etc. and references cited in [4] , we concluded that the evaporated Alq3 films on Al electrodes were amorphous-like and they were composed of mer-isomers of Alq3 molecules with a dipole moment of 4.1 D. The Kelvin probe method was employed for the surface potential measurement in the manner same as we did in our previous study [2] . The SHG experiments were carried out at room temperature, and also during heating in dark as follows: the samples were irradiated by p-polarized fundamental light with an incident angle of 45˚ after passing through an SH cut filter, and generated SH signal was detected by a photomulitiplier tube (Hamamatsu photonics: R928) after passing through a fundamental cut filter and a monochromator (NIKON: G-250). To avoid the reduction of the SH intensity during SH measurement by fundamental light exposure, the wavelength of fundamental light was chosen as 1200 nm [4] . 
Results and Discussion

The decay process by heating
The surface potential Vs across Alq3 films is considered as the sum of the surface potential due to the alignment of dipolar molecules Vp and the excess charges Vc. That is
where µ is the average dipole moment of a constituent molecule, and n is the molecular density, is the dielectric permittivity of a vacuum, 0 ε s ε is the dielectric constant of the organic film, ρ is the space charge density at position z from the metal/film interface. In the following, we discuss the potential decay of Alq3 film in terms of the above two potentials. To clarify the dependence of the work function of base Al electrodes on the potential decay process, we measured the temperature dependence of surface potential of Alq3 films on Al electrodes with and without UV/ozone treatment. The films were heated from 30 to 150 ˚C at a heating rate of 1.0 ˚C/min. Figure 1 shows the result of surface potential of Alq3 films with a thickness of 100 nm. The surface potential of the film on the Al electrodes without UV/ozone treatment decayed at a temperature around 60 ˚C, whereas the surface potential of films on Al electrode with UV/ozone treatment decayed at a temperature around 100 ˚C. This clearly difference in the surface potential decay was due to the difference in a work function of Al electrodes with or without UV/ozone treatment, and could be argued that the electron injection triggers the potential decay of Alq3 films on Al electrode. The activated energies of Alq3 film on electrodes with or without UV/ozone treatment were estimated from Arrhenius plots as 1.3 and 0.4 eV, respectively. These values are reasonable as the value of barrier height of Al electrode for electron injection into Alq3 films [6] . In order to further confirm the potential decay process of Alq3 film on Al electrode by heating, we measured the SHG during heating at a rate of 1.0 ˚C/min. There are many origins leading to the generation of SH. As to SH signal generated from Alq3 film, besides the SHG under electric-dipole approximation, we need to consider the possibility of the electric-field-induced-SHG (DC-SHG) [7] , because the internal field established in as-deposited Alq3 films is of the order of 10 V/cm. The experimental results are shown in Fig.1 . The SH intensities of Alq3 film on both Al electrodes with and without UV/ozone treatment were constant up to a temperature of 100 ˚C during heating, whereas the surface potential decays at a temperature lower than 100 ˚C. Since the electric-field-induced nonlinear polarization is proportional to the internal electric field, i.e. the surface potential, this result indicates that DC-SHG signal generated from the Alq3 films is not a main origin. Therefore we consider that the origin of SHG is ascribed to the electric-dipole mechanism and the orientational order structure of Alq3 molecules does not change in the temperature region lower than 100 ˚C. In other words, the electron injection never breaks the polar structure of as-deposited Alq3 film. On the other hand, the SH intensity of Alq3 films on Al electrodes gradually decreased by heating in the region of temperature higher than 100 ˚C, as shown in Fig.1 . Interestingly, the potential also decreases in accordance with the decay of SHG. It is expected that the decay of the potential in this temperature region accompany the randomization of polar structure in Alq3 films together with the injection of electrons from electrodes. Our elemental analysis of X-ray diffraction measurement showed that the structural change in Alq3 film was induced after being heated up to a temperature of 150 ˚C. Taking into account these experimental evidences, we may consider that the polar structure is randomized during heating at a temperature higher than 100 ˚C and noncentrosymmetry of Alq3 film is broken along with the recrystallization of Alq3 film [8] . Therefore we argue that the disordering of polar structure of Alq3 film composed of polar mer-molecules is a main process of potential decay. 
The decay process by photo exposure
As we described in [2] , the wavelength dependence of the potential decay by photo exposure was observed remarkably. That is, the surface potential decays rapidly by exposure of light with a wavelength of 400 nm corresponding to the absorption maximum of Alq3 film. On the other hand, the potential does not decay by photo exposure with a wavelength longer than that corresponding to the absorption band e.g. 600 nm. Thus, the inception of the surface potential decay happens when Alq3 molecules absorb photons, that is, the electron injection from metal electrodes to Alq3 film is not dominant process of the potential decay by photo exposure [2] . Abrupt decrease of SH intensity of Alq3 film on Al electrode with and without UV/ozone treatment by photo exposure with a wavelength of 400 nm were observed. Interestingly, the change of SH intensity by light is nearly the same as that by heating. These results suggest that polar structure of Alq3 film is destroyed completely by either heating or photo exposure. It is noted that the X-ray diffraction of Alq3 film does not change after the potential decay by photo exposure. Therefore the polar disordering process, which does not accompany the structural change, is the most probable potential decay process of Alq3 films by photo exposure.
Conclusions
We examined the large potential decay process of as-deposited Alq3 films on Al electrode by photo exposure and heating with Kelvin probe method and second harmonic generation (SHG) measurement. It was found that the injection of electrons from Al electrode is a main contribution of the potential decay by heating, but the injection does not break polar structure of as-deposited Alq3 film. The polar structure is randomized during heating at a temperature higher than 100 ˚C. The polar disordering process, which does not accompany the structural change, is the most probable potential decay process of Alq3 films by photo exposure.
